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Human parathyroid hormone (hPTH) is a peptide hormone consisting of 84 
amino acids. Using the expression ptasmid pKK223-3 with the strong tec- 
promoter, we have produced a variant of hPTH in E coD. From the expression 
plasmid construct the expected product was hPTH with an N-terminal extension 
of Met-Gly. The peptide was extracted from E. coli cells and purified by high 
performance liquid chromatography. In two different gel electrophoresis 
systems including identification by immunoblotting the product behaved exactly 
as an hPTH standard. N-termrnal amino add sequence analysis of the purified 
product showed traces of Gly-hPTH. At least 90% of the expressed product was 
N-terminalfy blocked, suggesting the presence of N-forrnyJ-methionlne. This 
variant of hPTH did not stimulate adenylate cyclase activity in rat osteo- 
sarcoma cell membranes. '© ;**c Ac«icmia prase, x«». 



Human parathyroid hormone (hPTH) is an 84 amino acid peptide which 1$ 
secreted from the parathyroid glands- The primary translation product is a 115 
amino acid preprohormone, and the prepro part Is cleaved off during secretion, 
yielding the 84 amino acid mature hormone (1). 

hPTH is a principal homeostadc regulator of blood calcium and phosphate 
through its actions on kidney and bone (2,3). Prolonged exposure to tow doses 
of an N-terminal fragment of PTH stimulates bone formation in vivo (4,5), 
while chronic overproduction (hyperparathyroidism) leads to demineralization. 



Abbreviations: PTH, parathyroid hormone; SDS, sodium dodecyi sulfate; PAGE, 
polyacrylamide gel electrophoresis; HPLC, high performance liquid chromato- 
graphy; PBS, phosphate buffered saline (0.15 M NaCI, Q.Q15 M NaH 2 P0 4 , pH 7.4); 
IPTG, isopropyl-8-D-miogalactoside; fMet, N-formyl-methfonine. 
hormone, we have cloned its cDNA for expression in E. coll. 
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The different domains within the PTH molecule appear to be specialized with 
respect to conveying tie biological action In bone and kidney (2). 

"Therefore in order to learn more about the structure-function relation- 
ships of hPTH, and also to be able to do physotagieal studies with the intact 
hormone, we have cloned Hs cDNA for expression in E. coB. 

MATERIALS AND METHODS 

5 g Bacto Yeast Extract, 10 g Bacto Trvptone and 10 0 

demented with 50 mg/l of e^icH n. e ^° 2 n StqTSJSSS ^ 
orown in LB-medlum with ampldlOn. At an Ag 00 of 0.2, IPTO ^narmaaa, 
added to a final concentration of 1 mM. 

^^Ustrlction enzymes, other DNA-modifying enzymes and I^^bW. 
■„« wTm ^ ATSam. The N-terminal-specifio anti-PTH antibody was from 
SUES. SwSE ^of me other antibodies has been described earner 
(8) .^nthettc hWl-W) ™* from Sigma or Bacham. 

Cloning ol'hfTHcDt j^ human ^mld ad enomas 

'Z» b ; the GC^iBng method as described by Mwarts et a . (9). a na &. 
ffi«5n^ifl3 was transformed by the method of Hanahan (W. The library 

2^n* ^ based on *• 

° f *^iS2nSS was done according to the methods of Maxam and GHbert 
(11) and Chen and Seebur^ (12). 

RadlolmrriunoassaY described (8) using a 

Radioimmunoassay or nrm was J— hptween amino 

monospecific polyvalent antiserum reactive against epitopes between amino 
acids 44 and 68 in hPTH. 

2-mercaptoethanol and 0.05% pyronine Y. 
from donkey. 

OD 600 =1.0, ana were ^'"p 1 ' —luton / 10 mg/m n water) and left at 
was et resuspended M nJ J lywzyme £g» n tiu ^pension was determined, 
room temperature tor 15 mi n. The thawina on ice; the suspension was 
S&J?**?. wih'? |£j^10a5S*? (SSrasonios). PTH was then 
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_ extracted .essentially^ as ^described _ by_ Au rbach _ ( 1 4). _ After ether precipitation ^_ 

and acetone washing (14) the dry powder was extracted with 20% aoetone, 0.1% 
HAc, and the extracted material was used as the starting material for further 
purification. The yield o1 immunoreactive material at this stage was 200 \ig 
per I of original culture, corresponding to a yield of aboul 20%. 
HPLC-Purlficatlon 

PTH was further purified by reversed phase HPLC using a Vydac BP C18 
protein/peptide column. A 25 cm x 4.6 mm cofumn was used employing LDC 
constametrfc pumps model I and III, LDC Gradient master, LDC spectromonitor 
III (LDC, Milton Roy Co, Riviera Beach, FL, USA) and a Vitatron 2 channel 
recorder. The experimental conations were as follows: Eluants: A: 0.1% 
triflouroaoetic acid in filtered and distilled H 2 0; B: 70% acetonitrile in A. 
Row: 1.0 ml/min. Gradient: 35-55% B (linelr) in 48 min. Washing with 100% B 
for 10 min and equilibration with 36% B. 
Amino acid sequence analysis 

This was done on material separated by SDS-PAGE as described by 
Mataudaira (15) in a model 477A Protein Sequencer with an on-One 120A phenyt- 
thiohydantoln amino acid analyzer from Applied Biosystems (Foster City, CA, 
USA). All reagents were obtained from Applied Biosystems. Amino acid sequenc- 
ing was performed by Dr. K. Sletten, Inst, of Biochemistry, University of 
Oslo. 

Biological activity measurements 

Recombinant hPTH was purified on HPLC and freeze dried. It was dissolved 
in distilled water and tested in the adenylate cyclase assay usino of UMR 106 
rat osteosarcoma cell membranes. Membranes were prepared and the assay carried 
out as previously described (16,17). The experiments was performed in tripli- 
cate determinations which differed by (ess than 17%. 



RESULTS 

Cloning and sequencing of cDNA tor hPTH 

A cDNA library was made as described in Materials and Methods. 66 out of 
34 000 tested donee hybridized to the probes, and two or these were chosen 
for further study. DNA-sequendng showed that both clones contained the entire 
coding region for preproPTH, and that the sequence of the insert in done 6 
was identical to the sequence published by Hendy et al. (10). In done 10 
however, the sequence diverged from the published sequence In a position just 
upstream of the start codon (fig.1). This clone contained a double in-fname 



bPIH CCtfe (10) 3*f Gtg aag KEG m COT 

Mst Ilo Red 

PS9PIH-10 T AIG XXQ ACTA OCT 

Met Met Il<* FtfO 

bPIH cos* (22) t axg Ait; tct <gea 

Mat net Ser AJa 

Fid: The sequence of PneproPTH cPNA from pSSHPTHIp. 

The plasmJd pSSHPTHlO was purified by CsCtaentrffugetion, and the 
insert was sequenced by the method of Maxam and Gilbert (11). The eequenoe 
round the translation start is compared to the sequences of cDNA for hPTH 10 
and bovine PTH 22. 
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kxTTreaAfiCJUUAAnA'cca 

A lV r U.TlM?I WACCCTAC 




lull" 



FigA Construction th" hpTH ""pnaslon olasmW pKKPQL 
For details, see text. 



ATG at the beginning of the open reading frame, suggesting the possibility of 
alternative translation start-points. This sequence probably represented a 4 
bases deletion from the sequence published by Hendy et «L (10). and was not 
found in other clones that were sequenced (data not shown). The plasrrrid 
containing this insert was designated pSSHPTWIO. 
Construction af an hPTH ftvptesslon plasmld 

pSSHFTHIO was used to construct an expression plaamid as outlined In 
fig.2. To destroy the BamHI-site outside the pot/linker, the expression vector 
pKK223-3 (18) was partly digested with BamHI. and the sticky ends were filled 
in by the Klenow fragment of DNA polymerase I and reiigated with T4 DNA 
tigasa. A vector-clone containing a unique BamHI-site in the polylinker was 
picked (pKKAW). and a synthetic oligonucleotide containing a Shine-Dalgamo 
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sequence and an initiation oodon was inserted between the EooRI and BamHI 

sites to give the piasmid pKKAH2. ~~ T 

The piasmid pSSHPTHlO was digested with Xbal, filled m by Klenow » 
polymerase and cut wfth Bglll. The resulting 232 bp Bglll-Xbal fragment was 
isolated and inserted between the BamHI and a blunt-ended l-Gndlll site in j 
pKKAH2 to give the final construct pKKPTH. In this construct the hPTH cDNA is 
under the transcriptional control of the IPTG-inducible tac-promoter (10) and 
the rrnb ribosomal RNA transcription terminator (£0). This construct should j 
express hPTH with a MeM3ry ami no -term nai extension. \ 
Expression of hPTH \ 
For testing the expression level the cells were harvested at late log j 
phase (AgQQ«1.0), disrupted by sonicaiion, and radioimmunoassay was performed j 
on both the soluble and the insoluble fraction after sonication. The expres- j 
sion level usually was about 2 mg PTH/I culture with more than 96% in the j 
soluble fraction, indicating that Met-Gry-PTH does not aggregate in inclusion- j 
bodies, in contrast to many other exogenous peptides produced in E.coti (21). j 
The radioimmunoassay also showed that the PTH-related material was immuno- | 
logically indistinguishable from hPTH (data not shown). 

Analysts of the expression products bv Imm unoblottlnq \ 

Cell extracts were fractionated by SDS-PAGE and subjected to immuno- 
blotting. As shown in fig.3 (lanes B and D) two PTH-immunoreactive peptides j 
could be demonstrated in this experiment, and one of these co-migrated with 
the PTH-standard (lane C). This peptide could not be detected in extracts from 
control cells transformed wfth the vector alone (data not shown). The other 
band (approximately 14 kDa) corresponded to a dominant band seen when silver i 
staining a part of the same gel (fig.3, lane A). The 14 kDa silverstained band 
probably mainly represents an E. coG protein, but as discussed below the j 
antibody reactivity to this band probably is not due to unspecific binding, \ 
but reflects co-mtgratlon of a higher MW spectes of PTH made by E. coll. 

A similar experiment was performed fractionating the proteins by 
HAc/urea PAGE. In this system the peptides are separated according to both 
charge and molecular weight. The major 14 kDa silverstained band seen after 
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16.9 — 
14.4 — 




hPTH 



An glygts pi expression products by SPS-PAGE and Immunoblotllnq 
PTH expression in E.coli containing the plasmid pkKPTH was induced by 
IPTG. The oells wen* disrupted by sonlcation, and a cell extract was made 
(14), and subjected to SDS-PAGE (15% gel) under reducing conditions. Lanes 
were silver stained (A), or electrobtotted onto nltrooe&ulose filters and 
reacted with antiserum against the mid-region past (B and £Lor the N -terminal 
part (D) of hPTH. Antibody binding was detected by [ TO -l]-entirabblt-lo,G. 
Lane C was loaded with 40 ng of hPTH (Sigma) as a standard, lanes A,B and 0 
were loaded with E eoB extracts containing about 50 ng of hPTH-related 
material as determined by radioimmunoassay. 

Eta-* Analysis of exoreasld n products bv HAc-urea polvacrvlamlde electro- 
phoresis and Immunoblottfnq . 

Cell extracts (same as in fio.3) were subjected to HAc/urea PAGE (15% 
gel). Lanes were silver stained (A) or electrobtotted onto nitrocellulose 
fitters and reacted with antiserum against the mid-region part (B,C) otJbe N* 
terminal part (D,E) of hPTH Antibody binding was detected by [ 125 lJ-anti- 
rabbit-lgG. Lanes C and £ were loaded with 40 ng of hPTH (Sigma) as a stan- 
dard, lanes A,B and D were loaded with E. coil extracts containing about 500 
ng (A) and 60 ng (B f D) of hPTH-rolated material as determined by radio- 
immunoassay. 



SDS-PAGE (fig.3, lane A) apparently has sp&t into several bands upon HAe- 
urea PAGE (fig.4, lane A), but the major irnrnunareactive band still co-migrated 
with the PTH-standand (fig.4, lanes B and D). 

• We also performed an experiment where the proteins were separated by two- 

dimensional PAGE (data not shown). After running HAc/urea PAGE in the first 
dimension the band co-migrating with the PTH-standard was run on SDS-PAGE, 

; showing that the major immuno reactive peptide co-migrated with the PTH- 

standard in both dimensions. It therefore probably represents the expected 

J 

| expression product, Met-Giy-hPTH or a cbsely related molecular species. 

! 
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^«jnofoactiv«y are Indicated IflTScSS&B'li S"* 8118 "nWntag hPTft ' 
of the fractions Indicated l™ A) ThLfaSSuS- bl ^ n S « nd Coorra^ie-stt "ina 

Pytgleatlon and Brn |no acid t ,-^ 

PTH.nrfcned „,„ extract was subjected ,o .ve^nase HPLC , 

reactive materia coukf be kxwfiwH *~ * 

o, 32 M ■ „ P9ak ^ 3 "«••*»» *™ 
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on SOCAGE „„. „ h „ a ^ 

5« 



27-Q7-B4 10:15 KLIN K JEM 



ID-221 18189 



S.Q9 



Vol. 166. No. 1, 1990 



8.0CH EMWAN0 „ 0PHYS1CAL 



We „ m p.,^ Wlemfc „ ^ ^ 

rr 03,8 a "* ** imM - '«* — . - 

»~* . o, , h . p „ pa( , tB „ ^ „ ^ ^ fc 

f™tl»Mn. h,, 6e ,„ reiM>e() to ^ aw>m 
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DISCUSSION 

The hPTH oDNA clone used in Ihis study had a "sequence" different" from 
that previously published by Hendy et al. (10). In our done 10 there were two 
consecutive methionine codons at the start of preproPTH Instep of one as 
reported by Hendy et al. (10) (fig.1). This opens the possibility for an 
alternative translation start of preproPTH. in that the synthesis of Met- 
preproPTH might occur in addition to the synthesis of preproPTH. it is In- 
teresting to note that bovine preproPTH starts with two consecutive methionine 
residues (22). The significance of the observed sequence difference is 
unclear, and is currently under investigation in our laboratory. 

This report describes the successful expression of slightly modified 
forms of human parathyroid hormone in E.coli. In immur>ob!ottin S experiments 
the PTH reactive material migrated as a sharp band, and no low molecular 
weight degradation products could be detected. Hence in our system hPTH 
apparently was quite stable, in contrast to what was reported by Breyel et al. 
(23) and Rabbanl et al. (24). Compared to these reports we achieved about ten 
times higher production of hPTH, despite using the same promoter as Breyel et 
al. (23). A possible explanation for this might be that fMet-Gy-PTH is more 
stable in E. con than fMet-PTH which was the major product expected from the 
constructs of these authors. Very recently Wingender et al. (25) reported high 
expression of a oo-r^abctosidase-hPTH fusion protein which after acidic 
cleavage results in amounts of Pro-hPTH equivalent with ours. 

Rabbani et al. (24) reported that the N-terrrtnal methionine was partly 
cleaved off. yielding a small amount of correctly processed hPTH(l-84). Our 
data indicate that also when PTH Is expressed as Met-Gly-PTH, E. coll is 
unable to defermylate effectively the initiator fMel However the N-tarmineJ 
methionine is apparently rapidty removed from deformyteted molecules. 

Bom et al. (26) showed that the expression of preproPTH in E. coli 
directed the protein to the surface of the bacterial Inner membrane, but that 
it was not properly processed. The major processed forms were PTH(3-84) and 
PTH(8-a4). In our system we, however, find no indications of production of 
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hPTH(3*4) or PTW(8-84)as reported by Rabbanl et aL (24) and Bom et aL 

(26). ; 

The hPTH-species produced In this work did not stimulate adenylate 
cyclase In our biological assay system, and hence apparently had no PTH- 
agonistic activily. The reason for this probably is that the amino terminal 
end is very important for the biological activity of PTH (2). Few studies 
have been done with amino terminal extensions of PTH, but addition of tyrosine 
at position -1, or Tyr-Gly-Gly at positions -3 through -1 caused a marked 
decline in biological activity (27). Moreover fMet-hPTH has only 10% of the 
activity of hPTH(1-84) (24). This calls for methods to produce high yields of 
hPTH with the correct N-terminal sequence. Such studies are in progress in our 
laboratory. 
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